Instead, differences between chronotypes have been found in the variability of the sleep schedule, with evening types showing more variability in bed times and rising times compared to morning types. 2, 10 In addition, evening types appear capable of extending total sleep time during the weekend and may have a greater sleep need. 10 Morningness and eveningness scores are differentially related to several behavioral and psychological factors. Morning types appear to have more regular social rhythms compared to evening types, leading to the suggestion that this chronotype might have a more robust behavioral circadian amplitude. 11 In contrast, evening types report higher levels of daytime sleepiness 12, 13 and more maladaptive beliefs about sleep compared to morning types. 14 Both groups are also sensitive to the time of day influence on performance tasks, with the morning group performing better during the morning and the evening group performing better during the afternoon. 15 Eveningness has also been associated with several psychiatric illnesses including substance abuse, 16 schizophrenia, 17 and mood disorders. [18] [19] [20] [21] In particular, studies on chronotypes and mood disorders have found that eveningness is associated with depression symptom severity, 19, 20 Bipolar I Disorder, 21 and seasonal affective disorder. 18 Collectively, these findings indicate that eveningness is associated with a greater degree of irregularity and more psychiatric distress.
In sleep medicine, chronotypes have typically received attention in the context of circadian rhythm sleep disorders (CRSD) such as advanced sleep phase syndrome (ASPS) and delayed sleep phase syndrome (DSPS). Core symptoms of DSPS include a prolonged latency to sleep onset with difficulty waking up spontaneously at the desired time of awakening, while core symptoms of ASPS include a short latency to sleep onset with an earlier awakening than desired. 22 In both cases, there is a mismatch between the endogenous circadian timing of sleep and the social or environmental demands, and sleep is normal in the absence of these exogenous constraints. Similar to CRSD, psychophysiological insomnia is an intrinsic sleep disorder with symptoms including difficulty with sleep onset or sleep maintenance. However, in psychophysiological insomnia, somatic tension or conditioned arousal is also present and there is no evidence of phase misalignment. 22 Although CRSD and psychophysiological insomnia have been conceptualized as distinct problems with different etiological mechanisms, recent models have suggested that circadian rhythm factors may be involved in the development of psychophysiological insomnia. 23 In a series of studies, Lack and colleagues examined the circadian rhythms of insomniacs recruited through advertisements. These researchers found evidence that insomniacs with sleep-onset difficulty exhibit a phase delay pattern in body temperature rhythm, while insomniacs with early morning awakenings exhibit a phase advance in the temperature rhythm. 24, 25 Another study found that insomniacs with an earlier temperature phase reported shorter and more restless sleep compared to those with a later temperature phase. 26 These studies indicate that the endogenous circadian rhythms might be relevant to the pattern of nocturnal insomnia complaints (i.e., sleep-onset versus sleep maintenance), although the direction of the relationship remains unclear.
It is not known if circadian preferences affect nocturnal symptoms and the waking correlates and consequences of poor sleep reported by insomnia patients above and beyond insomnia severity. To the best of our knowledge, no study has examined the relevance of circadian preferences to patients seeking treatment for insomnia. Therefore, the goal of this study was to explore differences between chronotypes on self-reported sleep/wake patterns and the waking correlates and consequences of insomnia after adjusting for total wake time as an index of insomnia severity. It was hypothesized that even after adjusting for total wake time, the evening chronotypes would exhibit a pattern of greater sleep/ wake irregularity and greater psychological distress than other chronotypes.
METHOD Participants
The present study examined data collected as part of routine care from a series of patients who attended group cognitive-behavior therapy for insomnia (CBT-I) between March 1999 and May 2004 at the Stanford Sleep Disorders Clinic. The CBT-I group is an outpatient service offered by the sleep clinic for the nonpharmacological treatment of insomnia. All patients who presented to the sleep clinic received an initial evaluation by a sleep specialist and were subsequently referred to the group CBT-I 27 if the evaluation revealed evidence of insomnia symptoms and the sleep specialist determined that the patient could benefit from nonpharmacological treatment of these symptoms. Given the tertiary clinic setting, patients with coexisting sleep disorders (e.g., sleep apnea, restless legs syndrome, periodic limb movement disorder), psychiatric disorders (e.g., depression), and medical conditions were allowed to attend the CBT-I group, resulting in a heterogeneous patient sample. During this time period, a total of 595 patients provided written informed consent to participate in the study or were exempt by a waiver obtained from the Institutional Review Board. Patients were included for analyses in this study if they provided valid data on the Morningness-Eveningness Composite Scale 4 and completed at least 6 nights of valid baseline sleep diary data with at least 3 nights of sleep onset latency >30 minutes or wake time after sleep onset >30 minutes. 28 As a result, a sample size of 312 patients was used for the present study. The study was approved by the Institutional Review Board at Stanford University Medical Center.
Procedures
Patients were asked to complete a questionnaire packet containing self-report measures, including a one-week sleep diary, when they enrolled in the group CBT-I. The completed packets were collected at the first or second treatment session. During the first session, patients were oriented to the treatment program, introduced to other members of the group, and presented their sleep complaints to the therapist and the group. No specific therapeutic elements were discussed during this session. Therefore, data completed between the first and second sessions were used for those participants who failed to complete the sleep diary or the initial packet prior to the first session.
Measures

MORNINGNESS-EVENINGNESS COMPOSITE SCALE (MECS)
The MECS 4 is a 13-item scale used to determine an individual's preference for various activities and ease of rising in the morning (e.g., times to get up and to go to sleep, how easy to rise at 06:00). The scale includes 9 items from the Horne-Östberg MornignessEveningness scale 3 and 4 items from the Torsvall and Ǻkerstedt scales. 29 The MECS has excellent internal consistency (alpha = 0.87) and demonstrated psychometric properties that are comparable or better than the Horne-Östberg and Torsvall and Ǻkerstedt scales. 4 Since its development, the MECS has been used in several studies on self-reported chronotypes. 11, 30 Based on the MECS scores in this patient sample, participants were classified into morning (larks), intermediate (neither), and evening (owls) chronotypes. Given the absence of normative data for an insomnia population, classification of patients into chronotypes was based on quartiles: the top quartile (scores above 43) comprised the morning group, the middle 50% (scores between 30 and 43) comprised the intermediate group, and the lower quartile (scores below 30) comprised the evening group. The distribution of scores in the present sample is similar to that found in other studies using middle-aged adults 11, 31, 32 and is slightly skewed towards morningness compared to a younger sample of undergraduate students, where the extreme 10% (morning type raw MECS score ≥44; evening type, ≤22) and the middle 80% (raw scores 23-43) were used for categorization. 4 
SLEEP/WAKE DIARIES
Patients completed prospective sleep/wake diaries every morning for one week at baseline before receiving any specific treatment instructions for improving sleep. Sleep diaries are routinely used for clinical and research purposes and are considered the standard of practice for measuring sleep in insomnia populations. 33 In the present study, nighttime diary items included the time of lights out (LO), number of awakenings (NWAK), time out of bed (TOB), total sleep time (TST), and ratings of sleep quality (SQ; 1-10 Likert scale with higher numbers reflecting higher sleep quality). From these items, time in bed (TIB) was extracted as the time between LO and TOB and total wake time (TWT) was calculated as TIB -TST. The average across all nights of the dairy was calculated for TIB, TST, NWAK, and SQ. Together, this group of dependent variables was used in the analysis on nighttime sleep. To assess night-to-night variability in sleep habits, the standard deviation across the baseline week was calculated for each patient on the time of lights out and the time getting out of bed. To assess daytime sleep across the week, the sum of all napping time during the week was calculated. For descriptive purposes, patients were asked to report any medication used to facilitate sleep for each night on the sleep/wake diary (see Table 1 ).
DYSFUNCTIONAL BELIEFS AND ATTITUDES ABOUT SLEEP (DBAS)
The DBAS was originally developed as a 30-item scale by Morin and colleagues 34 and subsequently reduced to a 10-item version (DBAS-10) by Espie and colleagues. 35 The DBAS-10 is highly correlated with the original DBAS (r = 0.83) and has satisfactory internal consistency (Coefficient alpha = 0.69). 35 The total score from the DBAS-10 was used in the present study as a measure of sleep-related cognitions.
BECK DEPRESSION INVENTORY (BDI)
The BDI is a 21-item self-report scale used to assess symptoms of depression. 36 The scale has high internal consistency (Coefficient alpha = 0.87), strong evidence of validity, and appears to have one underlying factor. 37 In the present study, the total score on the BDI was used as a measure of depression symptom severity.
Data Analysis
Descriptive analyses were conducted using chi-square tests to compare the groups on demographic variables and medication use. The main analyses were conducted across 3 conceptually-derived domains relevant to insomnia: nocturnal sleep, sleep period variability, and waking correlates and consequences. For nocturnal sleep, a multivariate analysis of covariance (MANCOVA) was conducted with chronotype as the between-subjects factor, TWT as the covariate, and NWAK, TIB, TST, and SQ as dependent variables (DV). For sleep period variability, a MANCOVA was conducted with chronotype as the between-subjects factor, TWT as the covariate, and the standard deviation of LO and TOB as the DV. For waking correlates and consequences, separate analyses were conducted on each DV, since they are different constructs. Analysis of covariance (ANCOVAs) with TWT as the covariate were conducted on depression and sleep related cognitions using BDI and DBAS, respectively, and a nonparametric test (KruskalWallis) was conducted on total nap time due to violations of normality on this DV.
Preliminary examination of the data was conducted to test the assumptions of the MANCOVA and ANCOVA. Using stem-andleaf plots, univariate outliers were identified for NWAK, TIB, standard deviation of LO and TOB, and BDI. Square-root transformations were conducted on these variables and subsequent evaluation for the assumptions of normality, linearity, multivariate outliers, multicolinearity, and homogeneity of variance-covariance matrices were satisfactory. Therefore, the MANCOVA and ANCOVA were conducted using square-root transformation for the variables above with an alpha level of p <0.05. For the MANCOVAs, Bonferroni adjustments were subsequently applied to the univariate comparisons for each DV to adjust for Type I error resulting from multiple post hoc comparisons.
RESULTS
Descriptive Analyses
PATIENT DEMOGRAPHICS
A total of 312 patients met inclusion criteria for the study with 84 patients (60% female) in the morning group, 147 patients (59% female) in the intermediate group, and 81 patients (58% female) in the evening group. No significant sex differences between the groups were found. A one-way ANOVA revealed significant age differences between the 3 groups, F 2, 306 = 13.13, p <0.001. The morning group was the oldest (M = 54.27 years, SD = 14.18), followed by the intermediate group (M = 49.023 years, SD = 14.62), and the evening group was the youngest (M = 42.94 years, SD = 12.93). In addition, a chi-square test revealed a significant difference on marital status, χ 2 (4) = 9.94, p <0.05. More patients in the morning group (68%) were married compared with the intermediate (48%) or evening group (45%).
BED TIME AND RISE TIME PATTERNS
The overall bed time behaviors were consistent with expectations for each chronotype. The average LO was 22:35 for the morning group, 23:14 for the intermediate group, and 00:13 for the evening group. As expected, a one-way ANOVA revealed that 
MEDICATION
Analyses were conducted to examine medication use based on any medication used for sleep reported on the sleep diary (see Table 1 ). First, a chi-square test conducted on the use of any medication for sleep during the week revealed no significant differences between the groups. Subsequently, chi-square tests were conducted for each category of medication (hypnotics, over-the-counter sleep aids, antidepressants, combination), revealing no significant difference between groups on any of these categories.
Main Analyses
NOCTURNAL SLEEP.
The results of the MANCOVA conducted on NWAK, TIB, TST, and SQ revealed a significant difference between the chronotype groups on the linear combination of the 4 DVs after adjusting for TWT, F 8, 558 = 3.05, p <0.01, Wilks' Lambda = 0.92, η 2 = 0.04. Univariate comparisons of each dependent variable using Bonferroni adjustments (alpha = 0.0125) revealed significant differences on TIB, F 2, 282 = 9.85, p <0.001, η 2 = 0.07, and TST, F 2, 282 = 10.35, p <0.001, η 2 = 0.07. Mean comparisons revealed that the evening group reported more TIB compared to the morning and intermediate groups (see Table 2 for means and standard deviations) and more TST compared to the other 2 groups. No significant differences were found on NWAK or SQ ratings.
SLEEP PERIOD VARIABILITY.
The results for the MANCOVA conducted on the standard deviation of LO and TOB revealed a significant difference between the groups on the linear combination of the 2 DVs after adjusting for TWT, F 4, 594 = 2.70, p <0.05, Wilks' Lambda = 0.97, η 2 = 0.02. Univariate comparisons of each dependent variable using Bonferroni adjustments (alpha = 0.025) revealed a significant difference on the standard deviation of TOB, F 2, 298 = 4.33, p = .014, η 2 = 0.03. Mean comparisons revealed that the evening group exhibited more variability on TOB compared to the morning and intermediate groups (see Table 2 for means and standard deviations).
WAKING CORRELATES AND CONSEQUENCES OF INSOMNIA.
Three separate analyses were conducted for DBAS, BDI, and total nap time (see Table 2 for means and standard deviations). The one-way ANCOVA conducted on DBAS scores revealed a significant group difference after adjusting for TWT, F 2, 297 = 13.06, p <0.001, η 2 = 0.08, with the evening group reporting more dysfunctional sleep related cognitions compared to the other 2 groups. The ANCOVA conducted on BDI revealed a significant group difference after adjusting for TWT, F 2, 296 = 13.68, p <0.001, η 2 = 0.09, with the evening group reporting the highest levels of depression symptoms, followed by the intermediate group, and then the morning group. The Kruskal-Wallis test conducted on total nap time revealed no significant differences.
DISCUSSION
The goal of this study was to investigate the impact of chronotypes on sleep/wake patterns and the waking correlates of insomnia using a sample of treatment-seeking insomniacs. Even after adjusting for nocturnal total wake time as an index of insomnia severity, differences between the 3 chronotype groups were present in nocturnal sleep patterns, sleep period variability, and the Note. TST = Total Sleep Time; TIB = Time in Bed; NWAK = Number of Awakenings; SQ = Sleep Quality; LO = Lights Out; TOB = Time Out of Bed; DBAS = Dysfunctional Beliefs and Attitudes Scale; BDI = Beck Depression Inventory. Units for TST and TIB are in hours. Variability of LO and TOB is measured by the standard deviation across nights. SQ is rated on 1-10 scale with higher numbers representing greater quality. Units for total nap time are in minutes. For post hoc tests, group means across rows that have different subscript differ at p < 0.05 (e.g., b > a). All analyses were conducted using square root transformation for TIB, NWAK, LO, TOB, and BDI, but raw means are presented in this table to enhance interpretability. The variability in number of subjects reflects the list-wise deletion utilized by each analytic procedure.
waking correlates and consequences of insomnia. Compared to the morning and intermediate types, evening types reported more pathological symptoms related to insomnia despite having more total sleep time. These findings suggest that circadian preferences are relevant to the presentation of insomniacs in terms of nocturnal symptoms as well as the associated waking correlates of insomnia.
The findings on nocturnal sleep patterns indicate that the evening group spent more time in bed and more time asleep relative to the other groups but the groups did not differ in the number of nocturnal awakenings or sleep quality. Compared to the other types, evening types appear more likely to compensate for nocturnal sleeplessness by extending the time in bed, and they are able to gain more total sleep time with the increased time in bed. Thus, the present findings are consistent with the hypothesis that evening types are more capable than morning types of extending their sleep period to compensate for sleep deficits. 2 Alternatively, the findings could be interpreted as support for the hypothesis that evening types have a greater need for sleep than the other chronotypes 10 ; evening types may spend more time in bed to satisfy a greater sleep appetite. Future studies should test these hypotheses by investigating different levels of TIB by chronotypes to determine if the implementation of sleep restriction programs should be tailored to chronotypes.
Consistent with expectations, insomniacs with evening chronotypes had the most irregular sleep/wake habits, suggesting poor voluntary control of sleep habits or inadequate circadian entrainment and a greater degree of circadian dysregulation. These findings are consistent with the high level of variability in sleep habits observed among evening types in France 10 as well as the association between morningness and lifestyle regularity. 11 Notably, univariate tests found significant differences between the groups on the night-to-night variability of TOB but not LO. Since the average TOB of the evening group was 08:58, a time that is likely to conflict with many daytime work schedules, this indicates that the evening types are likely to vary their TOB based upon social constraints (e.g., work schedule, appointments), which may lead to poor circadian entrainment. This finding is consistent with previous work on the role of the rise time as an important source of circadian entrainment. 38 Perhaps the most important finding is that insomniacs with evening chronotypes reported more severe waking correlates and consequences of insomnia in the areas of depression and sleep related cognitions above and beyond the severity of their insomnia. Despite more total sleep time, evening types reported more concern about the consequences of insomnia and the ability to control sleep than the other chronotypes. This suggests that evening types might be more sensitive to the effects of sleep loss or more averse to perceived sleep disruption than other chronotypes. It has also been hypothesized that an evening typology, with maladaptive sleep related cognitions and irregular sleep schedules, might be a risk factor for the perpetuation of insomnia symptoms.
14 In the present study, evening types also reported greater depression symptom severity on the BDI compared with the other groups, a finding consistent with previous reports in samples of noninsomniacs. 19, 20 Together, the higher levels of depression symptomatology combined with greater sleep/wake variability among evening types are intriguing, given recent evidence linking irregularities in social rhythms, including sleep/wake patterns, with affective disorders. 39 , 40 The present findings suggest that future research should seek to clarify the relationship between chronotypes and affective disorders. Several limitations of this study are acknowledged. First, the cross-sectional design prevents any causal inferences to be drawn regarding the relationships between daytime and nighttime variables in this study. Given the clinical setting, formal diagnostic screening procedures were not performed on these patients. As a result, the sample includes patients with comorbid sleep disorders or medical conditions that may affect their sleep habits, and the possibility that circadian preference is a correlate of a comorbid mood disorder cannot be ruled out. Also, the potential impact of medication cannot be ruled out with the present design. Although no differences were found between the groups on medication use, data were not available to distinguish the potential impact of medication on each chronotype (e.g., dosage and time at which the sleep medication was taken). It was not feasible in this clinical setting to systematically collect objective measures of sleep (e.g., PSG) or endogenous circadian rhythms (e.g., cortisol, melatonin, or core body temperature) that could provide further insights to the relationship between sleep and circadian rhythms. Moreover, data were not available to assess the timing of the awakenings in the present study, thus precluding the comparison of differences in the timing of wakefulness after sleep onset in the 3 chronotypes. Even though the present results revealed no significant differences between the groups on the number of awakenings during the night, previous studies have reported a greater number of awakenings during the early morning period among morning types. 12, 26 Despite these limitations, the results from this study have potential clinical implications for the evaluation and treatment of insomnia. Although most insomniacs have dysfunctional cognitions and poor sleep habits, these problems are most pronounced in evening chronotypes, and might require additional clinical attention. For example, more time could be spent during sessions discussing these components of treatment. Given the night-to-night variability in bedtime behaviors of evening types, regulating sleep patterns might be a particularly important target in this group of patients, as it has been shown to improve sleep and decrease daytime sleepiness in people with irregular sleep schedules. 41 Since this study employed a cross-sectional design, further research using a longitudinal design is encouraged to investigate the potential effects of chronotype on the course of the illness and response to treatment of insomnia. Overall, the findings from this study extend previous work on the relationship between circadian rhythm factors and insomnia to include both nocturnal symptoms and waking correlates of insomnia. It is hoped that these findings can stimulate future research to help understand the role of circadian factors in the development and treatment of insomnia.
